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Abstract 
 
One of the cognitive changes associated with Alzheimer’s disease is a diminution of the primacy 
effect, i.e., the tendency towards better recall of items studied early on a list compared to the rest. 
We examined whether learning and recall of primacy words predicted subsequent cognitive 
decline in 204 elderly subjects who were non-demented and cognitively intact when first 
examined. Our results show that poorer primacy performance in the Rey Auditory Verbal 
Learning Test delayed recall trials, but not in immediate recall trials, is an effective predictor of 
subsequent decline in general cognitive function. This pattern of performance can be interpreted 
as evidence that failure to consolidate primacy items is a marker of cognitive decline. 
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Introduction 
A major challenge in aging research is the early discrimination between healthy and pathological 
aging, especially when it concerns the development of Alzheimer’s disease (AD). Both healthy, 
cognitively intact elderly (e.g., Light, 1991) and individuals in pre-clinical stages of AD (e.g., 
Albert, Moss, Tanzi & Jones, 2001) present a worsening of episodic memory performance. 
However, although episodic memory disturbances in advanced age are not necessarily a 
symptom of disease or dysfunction, several studies have highlighted how subtle memory 
differences across cognitively intact elderly subjects can help to identify those who are more 
likely to convert to AD (e.g., Albert, Blacker, Moss, Tanzi & McArdle, 2007).  
A recent report (La Rue, Hermann, Jones, Johnson, Ashtana & Sager, 2008; but see also 
Howieson et al., 2010) emphasized the role of serial position effects in free recall as a potential 
predictor of pathological aging. Serial position effects refer to a commonly observed pattern in 
free recall, where items learned early in a study list (primacy items) and items learned towards 
the end of the study list (recency items) are recalled better than items learned in the middle 
(Murdock, 1962; Glanzer, 1972). Despite some disagreements (e.g., Neath, 2010), most 
researchers support a dual account of primacy and recency effects, which views these effects as 
based on different underlying cognitive (e.g., Glanzer, 1972) and neural (e.g., Azizian & Polich, 
2007; Rushby, Barry & Johnstone, 2002) mechanisms. 
Lesions to the hippocampus have been associated with a conjoint reduction of the primacy effect 
and an intact or exaggerated recency effect (Baddeley & Warrington, 1970; Hermann et al., 
1996; Milner, 1987), a pattern also observed in patients with AD (Bayley et al., 2000; Bigler, 
Rosa, Schultz, Hall & Harris, 1989; Carlesimo, Fadda, Sabbadini & Caltagirone, 1996; Foldi, 
Brickman, Schaefer & Knutelska, 2003; Gainotti, Marra, Villa, Parlato & Chiarotti, 1998), 
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presumably reflecting early decline of hippocampal function in this type of dementia (Jack et al. 
1997, 1999; Killianny et al. 2000).  
La Rue et al. (2008) compared free recall performance across two groups of healthy, cognitively 
intact subjects aged between 40 and 65: of these, 623 subjects had a parent who developed AD 
and 157 did not. Having a family history of AD is considered a strong risk factor for AD (Berti et 
al., in press; Prince, Cullen & Mann, 1994; Silverman, Ciresi, Smith, Marin & Schnaider-Beeri, 
2005). La Rue et al. tested subjects’ free recall performance with the Rey Auditory Verbal 
Learning Test (AVLT), which requires learning and recalling a list of 15 unrelated words. They 
defined primacy as words 1-4 in the study list and recency as words 12-15. In their results, 
subjects with a family history of AD did not differ from controls in measures of total recall, but 
showed a greater recency effect and a poorer primacy effect than their counterparts. Other known 
risk factors, such as APOE ε4 (e.g., Blennow, de Leon & Zetterberg, 2006; Farrer et al., 1997) 
and depression (e.g., Wilson et al., 2002) were not found to influence memory performance in 
these two groups. These results suggest that the analysis of serial position effects in free recall 
tasks, and of primacy effects in particular, may be a valuable tool to identify subjects who are at 
risk of cognitive decline or dementia.  
In terms of the cognitive processes that are involved in the primacy effect, there is no clear 
theoretical consensus, although the most widely accepted explanation relies on the notion of 
increased rehearsal of early list items as compared to items learned afterwards (Rundus, 1971; 
Glanzer, 1972). Primacy words, being the first on the list, would therefore benefit from more 
opportunities for rehearsal, which in turn would lead to better encoding and, subsequently, to 
easier retrieval. It follows that a failure to retrieve primacy words, more so than a failure to 
retrieve words from any other portion of the list, may signal emerging cognitive dysfunction. 
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This should be especially true in delayed recall tasks, where short-lived memory processes would 
be less likely to be in play, and memory consolidation would be more likely to have either 
occurred or not (see also Gomar, Bobes-Bascaran, Conejero-Goldberg, Davies & Goldberg, 
2011, for a similar argument). Consolidation (McGaugh, 2000) refers to the idea that memory 
traces require time and protein synthesis to become established and resistant to interference, and 
it is functionally dependent on the hippocampal formation, consisting of hippocampus, dentate 
gyrus, subiculum and entorhinal cortex (Wixted, 2004). Therefore, we hypothesize that poor 
retrieval of primacy items, in the absence of any symptoms of dementia, will predict increased 
risk of decline in cognitive function later in life; in addition, we also anticipate that poor primacy 
recall should be especially predictive of cognitive decline when it is observed in delayed-recall 
tasks, rather than in tasks of immediate memory, as it might reflect a failure to consolidate and, 
possibly, hippocampal dysfunction. 
To test these hypotheses, we examined the level of general cognitive function longitudinally in a 
sample of volunteers who were cognitively intact and healthy at the preliminary visit (baseline), 
who then returned for up to four follow-up visits. We also tested for interactions of free recall 
measures with relevant factors (including APOE ε4, family history of AD, age and time from 
first visit) on the course of general cognitive function over time. As a measure of memory 
performance, we employed the AVLT (cf., LaRue et al., 2008), whereas we used the mini-mental 
state exam (MMSE) test (Folstein, Folstein & McHugh, 1975) as a measure of general cognitive 
function. The MMSE test is commonly used in both research (e.g., Yaffe et al., 2011) and 
clinical practice as an index of general cognitive function and cognitive decline. In addition, it is 
highly correlated with both other general function tests (e.g., CDR; Juva, Sulkava, Erkinjuntti, 
Ylikoski, Valvanne & Tilvis, 1994) and measures of brain atrophy (e.g., Frederiksen et al., 2011; 
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Kovacevic, Rafil & Brewer, 2009). We expected that failure to recall primacy words in the 
delayed trials, at the first study visit, would be predictive of cognitive decline at consecutive 
visits, but not failure to recall primacy words in the learning trials, which index immediate 
memory performance.   
Methods 
Subjects. A pool of 853 participants, who volunteered in the Memory Evaluation Research 
Initiative (MERI) and were tested at the Nathan Kline Institute, Orangeburg, NY, was available. 
The MERI program was established in 2003 by NP in collaboration with Rockland County, NY, 
and has been providing free memory and cognitive evaluations to individuals from the local 
community. From the total pool of 853 subjects, who participated in the MERI on different dates 
during the 2003-2011 time span, we extracted 204 total participants who fell within the inclusion 
criteria set for this study (see Table for demographic information): over 60 years of age at 
baseline (age range: 60- 91); at least one follow up visit; an MMSE score of 28 or higher at 
baseline; and no major clinical condition, psychiatric illness, or symptoms of dementia, at 
baseline, as established in an interview by a board-certified geriatric psychiatrist (NP). Subjects 
received no compensation. Each subject returned for at least one follow-up visit, typically one to 
two years after the previous visit, for a maximum of four follow-up visits, giving us a grand total 
of 625 visits, including baseline (79 subjects came for exactly one follow-up, 61 for two, 36 for 
three and 28 for four; in total, 204 subjects came for the baseline and visit 2 sessions, 125 
subjects came for visit 3, 64 subjects came for visit 4 and 28 subjects came for visit 5; see 
Table). The follow up times ranged from half a year to 7 years, with mean 3.6 years and median 
3.2 years. One hundred seven subjects reported a prior family history of AD (any relative) via 
direct questioning. In addition, 59 subjects carried the APOE ε4 allele, out of 161 subjects for 
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whom genotype information was available (12 ε3/ε2, 90 ε3/ε3, 50 ε3/ε4, 5 ε4/ε2 & 4 ε4/ε4).    
Procedure. After providing informed consent, subjects’ vitals were examined, blood was drawn 
for APOE genotyping, and a general medical intake questionnaire was conducted to obtain 
family and medical history information, and to assess the presence of memory complaints. The 
MMSE score was also collected at this stage. The MMSE test requires the subject to respond to a 
30 item questionnaire, addressing different cognitive areas: Orientation (time & place), 
Registration (i.e., short-term memory), Attention and Calculation, Recall, Language, and 
Copying (i.e., figure drawing). Memory was then tested as part of a neuropsychological battery, 
which was largely the same for all subjects, lasted ~ 2 hours, and also included psychomotor 
tasks (e.g., grooved pegboard), executive function tasks (e.g., digit symbol substitution test, trail 
making A & B), and language tasks (e.g., verbal fluency). In the AVLT, subjects are read the 
same list of 15 unrelated words five times and are asked to recall the words immediately after 
each presentation; subjects are encouraged to recall all the words on the list, including words 
they have already reported in previous trials. After the fifth recall trial, subjects are read an 
interference list (15 new unrelated words) and asked to recall this list immediately after 
presentation. Subsequently, subjects are required to free recall words from the original five study 
trials (i.e., 15 words) without hearing the word list again. Twenty minutes after the end of the last 
recall trial, subjects are asked again to free recall the 15 study words from the first five trials 
(delayed recall task). Finally, subjects perform a 2-alternative forced choice task. One of three 
alternative versions of this test, using different word lists for the initial presentation, the 
interference trial, and the new words in the 2-alternative forced-choice task, was assigned 
randomly to each participant. The three alternative versions were rotated longitudinally, so that 
each subject received a new list in each of three consecutive visits. 
Primacy and Cognitive Decline 
 
9 
 
Study Design and Analysis. The outcome variable in our models was MMSE score at follow-up 
visits. The main question was whether recall performance (AVLT) of any specific portion of the 
15-word list (in particular, primacy words) at baseline was especially predictive of subsequent 
MMSE decline. In addition, we examined whether APOE ε4 carrier status, reported family 
history of AD, age at baseline and time since the baseline visit affected recall performance or 
moderated the effect of serial position. For these purposes, we examined performance in both the 
five AVLT learning trials, which index immediate memory performance, and the delayed recall 
trial.  
We used linear mixed models suitable for longitudinal data, implemented in R (R Development 
Core Team, 2010). In all models, MMSE scores at follow-up were modeled as a function of 
baseline MMSE, baseline age, time from baseline and AVLT measures were included as fixed 
effects; random subject effects were included to account for correlation between the repeated 
observations on the same subject. Since all subjects’ MMSE scores at baseline were within 2 
points of the maximum possible value of 30, the residuals from our models were negatively 
skewed and did not follow a normal distribution, as assumed by the models. Therefore, we reran 
the models after applying a Box-Cox transformation to the MMSE scores to make the residuals’ 
distribution more consistent with the normality assumption. This adjustment led to negligible 
change in the results, which is consistent with the observation of Gelman and Hill (2007) that 
normality is the least important of the standard linear model assumptions. We have therefore 
chosen to report the results based on untransformed data, which are more readily interpretable. 
We adopted a two-stage modeling strategy. The first stage entailed main effects models, in which 
the AVLT measure was either: a) the total number of words recalled out of 15; b) the number of 
words recalled from among the first four (primacy) words; c) the number recalled from among 
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the middle seven words (middle); or d) the number recalled from among the last four (recency) 
words. As the results (described later) indicated that primacy recall was a particularly strong 
predictor of MMSE decline, we then used primacy as our predictor of interest in the second 
stage.  
The second stage comprised interaction models: first, a time-primacy interaction, and then 
exploratory models with interactions among time, primacy, and a third variable which was either 
ε4 carrier status, family history of AD, or age at baseline. The same two-stage modeling 
procedure was used with learning trial recall as the predictor of interest; in this case, each 
memory measure was obtained by summing over the five learning trials. The sample size for the 
basic model was 204 subjects with a total of 421 follow-up visits. Due to a small amount of 
missing information from the delayed recall and from the learning trials tests, analyses in the 
various alternative models included 2-4 fewer subjects. Finally, we also fit a model with both the 
delayed-trial and learning-trials primacy variables together to assess relative predictive power. 
Results 
Main effects models. The predictor of interest in the initial main effects models was either recall 
of all the words presented, recall of primacy words, recall of middle words, or recall of recency 
words for the baseline delayed trial. In each case, a significantly positive effect (better baseline 
recall associated with higher follow-up MMSE scores) was found. The coefficient estimates 
were 0.17 (Wald t-statistic = 4.98, p<.001) for total words, 0.51 for primacy (t = 5.18, p<.001), 
0.24 (t=3.63, p<.001) for middle and 0.36    (t = 3.37, p<.001) for recency — meaning, for 
instance, that controlling for covariates as described above, subjects with one more primacy 
word recalled at baseline had MMSE scores 0.51 points higher (i.e., less decline) on average at 
follow up visits. These parameter estimates can be converted to effect size estimates by dividing 
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by 0.74, the standard deviation of the MMSE at baseline. Thus, for example, the effect size for 
each primacy word recalled is 0.69. These results indicate that primacy had a somewhat stronger 
predictive effect than middle words or recency words. Note that the issue of degrees of freedom 
for Wald t-statistics in linear mixed models is controversial (Verbeke & Molenberghs, 2009): 
since our sample was fairly large, we based all p-values on a standard normal approximation.  
To examine further the importance of recall of primacy vs. other words further, we fitted two 
additional models: the first included both primacy and recency, while the second included both 
primacy and number of non-primacy words recalled. In each case, the primacy effect was 
notably stronger than that of the other recall variable. In the primacy vs. recency comparison, the 
Wald t-statistics were 4.13 [p<.001] for primacy and 1.52 [p=.13] for recency; in the primacy vs. 
non-primacy comparison, the Wald t-statistics were 3.30 for primacy [p<.001] vs. 1.41 [p=.16] 
for non-primacy. Tests of contrasts in these models did not find significant differences between 
the effects (e.g., a significantly larger effect of primacy than of recency), but these results do 
suggest that delayed recall performance at the primacy position may be relatively more 
predictive of MMSE change from baseline. 
The results for the learning trials were quite different, as predicted. The main-effects total, 
primacy, middle and recency models produced coefficients 0.054 [t=4.18, p<.001], 0.12 [t=3.46, 
p<.001], 0.068 [t=3.49, p< .001], and 0.072 [t=1.63, p= .10], respectively, suggesting that, unlike 
in the delayed recall task, primacy was not a stronger predictor than middle words. In the two 
additional models as above, primacy was found to be relatively more predictive than recency 
(Wald t-statistics: 3.54 [p<.001] vs. 1.87 [p=.061] for primacy vs. recency), but not more 
predictive than non-primacy words in general (2.28 [p=.022] vs. 2.47 [p=.014] for primacy vs. 
non-primacy). The results from the learning trials, in summary, suggest that primacy recall is not 
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especially predictive of decline in measures of immediate memory. 
To examine the relative importance of primacy recall in the delayed trial vs. primacy recall in the 
five learning trials, we included these two predictors in the mixed effects model simultaneously 
(again adjusting for baseline age and MMSE and for time since baseline). In this model, delayed 
recall primacy remained a significant predictor [t=3.82, p<.001], whereas primacy in the learning 
trials was no longer significant [t=0.41, p=.680]. However, the contrast between these terms did 
not yield a significant difference. 
Interaction models.  For the delayed trial, we found a nearly significant time-primacy interaction 
effect [p=.089] such that the speed of decline of MMSE over time was faster for subjects with 
poorer delayed primacy recall at baseline.  Figure 1 shows model-based estimates of expected 
MMSE score at the 1-, 3- and 5-year marks, given baseline delayed-trial recall of 0, 2, and 4 
primacy words. Inspection of the figure suggests that subjects with perfect primacy recall at 
baseline (all 4 primacy words recalled) are on average unchanged at follow-up; recalling only 2 
primacy words is associated with cognitive decline, and recalling none is associated with faster 
decline.  
In addition, we observed significant 3-way interactions among time, primacy, and either age at 
baseline [p=.037] or family history [p=.001]. These 3-way interactions indicate that the 
relationship between primacy recall and rate of decline described above is stronger for older 
subjects than for younger subjects, which is hardly surprising. More interestingly, this 
relationship is also stronger for subjects with a reported family history of AD than for those 
without.  
For purposes of the above model, family history was defined as any family member with 
dementia. When we refitted the model with maternal history (mother with dementia) only, 
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instead of any family history, the three-way interaction remained significant (p=.003); in 
contrast, using paternal history only did not yield a significant interaction. We did not find the 
APOE ε4-carrier status to interact with primacy or time in its effect on MMSE course.  For the 
AVLT learning trials, we did not observe a time-primacy interaction or a three-way interaction 
with age, but we did find a three-way interaction among time, primacy and family history 
[p=.003] in the same direction as for the delayed recall trial.  In this case, the corresponding 
significant interaction was not observed with maternal or paternal history. 
General considerations and summary. Our results suggest that MMSE decline is more strongly 
associated with a failure to retrieve primacy words in the delayed recall trial, rather than any of 
the subsequent words. In particular, the predictive power of delayed-trial primacy can be gauged 
by comparing coefficients of determination (R2) for ordinary linear models predicting MMSE at 
follow-up. With baseline MMSE, age and time in the model, 12.6% of the variance is explained; 
adding delayed-trial primacy raises the explained variance to 17.9%. In contrast, primacy recall 
during the learning trials is not especially predictive of decline, and in general not as predictive 
as delayed primacy, presumably indicating that long-term memory processes may be more 
indicative of healthy memory function than short-term processes based on immediate memory. 
In addition, the effect of primacy recall appears to be stronger for subjects with a reported family 
history of AD.  
Figure 2 presents serial position curves for the 70 “decliners” (i.e., subjects whose mean follow-
up MMSE score was lower than their baseline score) and the 134 “non-decliners,” (a) in the 
delayed trials and (b) averaged over the five learning trials. The difference in recall between 
decliners and non-decliners is more pronounced in the primacy portion of the delayed-trial curve 
than at any other locations along the curves for either the learning or the delayed trials. This 
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provides visual confirmation of the conclusions based on our linear mixed effects models.  
It may be noted that despite the MMSE score declines in many subjects, the mean MMSE score 
at visit 5 was unchanged from baseline (see Table). This reflects the fact that the 28 subjects who 
had five visits had a marginally significantly higher mean MMSE score at baseline than those 
who did not (mean = 29.43 ± 0.13 vs. 29.18 ± 0.06; Wilcoxon test p=.09). This also raises the 
possibility that our findings are impacted by systematic differences among subjects with different 
numbers of follow-up visits, due either to time trends in recruitment or to differential dropout.   
However, by conducting Kruskal-Wallis tests, we found no significant associations between 
number of follow-up visits and baseline age, baseline MMSE, primacy recall on the learning 
trials and, most importantly for us, primacy recall on the delayed trial (p≥.20 in each case); in 
other words, we found no evidence of a relationship between follow up duration and subjects 
characteristics that could possibly bias the results. 
Discussion 
Our results confirm that the analysis of serial position effects in delayed free recall tasks may be 
helpful in the identification of elderly individuals who, despite being cognitively intact at 
baseline, are more likely to show cognitive decline over time. In our results, when testing 
subjects who had no dementia at baseline and an MMSE score of at least 28, poor recall of 
primacy words in the delayed recall trial emerged as the better predictor of decline in the MMSE 
score over follow-up visits, as compared to failure to recall subsequent words.  
A potential criticism of our method lies in the use of the MMSE test to measure general 
cognitive function. The MMSE test is made up of eight separate categories, which attempt to 
address different cognitive areas, including memory. In fact, three of these tasks (i.e., Recall, 
Registration and Repetition) are eminently related to memory function. Therefore, it may be that 
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our outcome measure, the MMSE score, is naturally dependent on our assumed predictor, 
primacy recall, which in itself is memory-based. However, two main reasons made us choose 
MMSE over other potential alternatives. First, the MMSE test is widely used in clinical practice 
as a measure of cognitive function and, therefore, it is de facto the instrument most clinicians 
would adopt when evaluating cognitive performance in elderly patients. Second, we found the 
baseline MMSE scores to correlate significantly, in our sample, with the digit symbol 
substitution test score [r=.251; p<.001], which is not reliant on memory at all and has also been 
employed as a measure of general cognitive function in research, especially with older adults 
(e.g., Salthouse, 1992; Knopman, Mosley, Catellier & Coker, 2009).    
Another potential issue with our results lies within the relatively small change in MMSE score 
reported as a function of time and primacy recall (see Figure 1), which was within a span of three 
points. Tombaugh (2005) has argued that, over a five-year span, as is our case, a significant 
change in MMSE should be of at least four points. However, a few considerations should be 
made. First of all, all our subjects were cognitively intact at baseline, with an initial MMSE score 
of at least 28; therefore, it is to be expected that, if changes are observed over a relatively short 
period of time, these are likely to be subtle. Secondly, and more importantly, unlike in 
Tombaugh’s study, our subjects volunteered to return for examinations, often coming back for 
visits separated by just one year. Due to this, it is possible that our subjects were, on the whole, 
less likely to decline, at least over a limited period of time, than the subjects in Tombaugh’s 
study, as our subjects all still displayed enough cognitive capabilities both to initiate contact for a 
follow up visit, and to be motivated to participate in testing. Therefore, considering that we 
observed significantly greater decline in general cognitive function as a function of delayed 
primacy recall performance, despite the high level of function of our participants, an important 
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clinical and empirical question to address in future studies should be whether the pattern of 
results that we present here can be replicated with a population of non-demented individuals 
whose baseline MMSE is below 27, or with subjects with mild cognitive impairment. We 
anticipate that, in these latter populations, the drop in performance over time for subjects with 
poor primacy as compared to subjects with good primacy should be more severe than with our 
current sample.  
La Rue et al. (2008) found that subjects with a family history of AD did not differ from controls 
in measures of total recall, but showed poorer performance at the primacy region. Consistent 
with La Rue et al.’s results, we found family history to moderate the effect of delayed primacy 
recall on speed of cognitive decline: namely, this effect was stronger for subjects who reported a 
family history of AD. Importantly, in the delayed-recall trial, we found that family history 
moderated the effect of primacy recall on rate of decline only when originating from the mother, 
but not from the father. This finding is consistent with an abundance of literature indicating that 
elderly individuals with a maternal history of AD, rather than a paternal history of AD, show 
early neurological and biological signs of AD progression (e.g., Mosconi, Berti, Swerdlow, Pupi, 
Duara & de Leon, 2010). In addition, also consistent with La Rue et al.’s results, we did not find 
the APOE ε4-carrier status to interact with primacy in affecting cognitive decline. 
In addition to memory consolidation, the hippocampus has been found to be also especially 
important for the dynamic between pattern separation and pattern completion (Yassa & Stark, 
2011); pattern separation refers to the ability of discriminating between similar items, whereas 
pattern completion refers to merging similar items into a single representation. The aging process 
tends to affect pattern separation as older participants have been found to need more dissimilarity 
between items to be able to maintain an adequate level of discrimination. In this respect, if the 
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primacy advantage is due to the primacy items being inherently more distinctive than items 
learned later in the list - analogously to what is suggested by discrimination hypotheses of serial 
position effects (e.g., Brown, Neath & Chater, 2007; Murdock, 1960) - , it may be then that a 
decline in pattern separation could lead to a potential disappearance of the primacy effect and, 
therefore, signal hippocampal dysfunction. Although a pattern separation-based account of our 
results, unlike an account based on consolidation, does not appear to explain why in our data 
primacy was only a predictor of cognitive decline when tested in the delayed task, future 
research should consider possible links between serial position effects, the hippocampus and 
pattern separation. 
Aging, both normal and pathological (e.g., AD), is associated, in varying degrees, to loss of 
episodic memory. Of clinical importance, however, is the issue of how much - or what kind of - 
memory loss is indicative of the latter. In our paper, we show that highly functioning, non-
demented older individuals appear to show significantly greater decline in general cognitive 
function over time when their baseline delayed primacy recall performance is poor. As poor 
performance at the primacy position has been associated with hippocampal dysfunction 
(Baddeley & Warrington, 1970; Hermann et al., 1996; Milner, 1987) and hippocampal atrophy 
occurs early in the pathophysiology of AD (Convit et al. 1993), our results suggest that memory 
performance for the early list items can be a behavioral-based way to assess hippocampal 
integrity; and that poor delayed primacy recall performance should be considered as a sign of 
potential forthcoming generalized cognitive decline.   
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Table. Demographics. Number of subjects (i.e., N); Age in years (mean and standard deviation); 
MMSE score (with standard deviation); Gender (proportion of females); and Years of Education 
(with standard deviation), as a function of visit, when applicable.  
 
 Baseline Visit 2 Visit 3 Visit 4 Visit 5 
N 204 204 125 64 28 
Age 71.5 (6.3) 73.3 (6.3) 75.0 (6.3) 76.4 (6.5) 77.3 (7.1) 
MMSE 29.2 (0.7) 29.0 (1.7) 28.9 (2.2) 29.0 (2.5) 29.2 (1.4) 
Gender 56%     
Years of 
Education 
15.0 (3.1)     
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Figure 1. Model-based estimates of expected MMSE scores at the 1, 3 and 5 year marks, 
assuming the average baseline MMSE score for the given number of primacy words. The three 
lines represent different numbers of primacy words recalled in the baseline delayed trial (4 words 
recalled, 2 words recalled, or 0 words recalled) with 95% confidence intervals. The dotted line 
represents the maximum MMSE score of 30.  
Figure 2.  Serial position curves for the delayed recall trial (a) and the learning trial (b). On the 
x-axis is reported the word serial position from 1 to 15. Vertical dotted lines separate the primacy 
region (words 1-4) from the middle region (words 5-11) and the recency region (words 12-15). 
On the y-axis, the proportion of correctly recalled words per position is reported. Two serial 
position curves are drawn; one curve reports the performance of subjects who either maintained 
the same level of MMSE over the subsequent visits, or improved (no decline), whereas the other 
curve depicts the performance of subjects who declined.  
